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LQGLFDWHG E\ WKH UHOLFW IROLDWLRQ RI NKRQGDOLWH LQ EDX[LWH SDUDOOHO WR WKH IROLDWLRQ RI WKH XQGHUO\LQJ
NKRQGDOLWHWKHSVHXGRPRURSKVRIWKHEDX[LWHPLQHUDOJLEEVLWHDIWHUJDUQHWVLOOLPLQDWHDQGIHOGVSDUDQG
WKH ERXOGHUV ZLWK FRUH RI IUHVK URFN DQG FRYHU RI EDX[LWH 5DPDP  6FUDSV RI XQDOWHUHG
NKRQGDOLWH DQG FKDUQRFNLWH DUH DOVR SUHVHQW 5DPDP $ FRPSDUHV WKH EDX[LWH GHULYHG
IRUPNKRQGDOLWH ZLWK WKDW GHULYHG IRUPFKDUQRFNLWH DQG VKRZV KRZ WKH PLQHUDORJLFDO DQG VWUXFWXUDO
FKDUDFWHURIWKHURFNSOD\VDGHFLVLYHUROHLQFKHPLFDOZHDWKHULQJDQGWKHLQVLWXIRUPDWLRQRIEDX[LWH
7KLUWHHQ SODWHDXV LQ VDSSDUOD UHJLRQ DUH HVWLPDWHG WR FRQWDLQ RYHU  PLOOLRQ WRQQHV RI SRWHQWLDO
UHVHUYHV RI EDX[LWH RI JUDGH $O2 $ WRWDO UHVRXUFH RI  PLOOLRQ WRQQHV RI SRWHQWLDO
UHVHUYHV RI EDX[LWH KDYH EHHQ HVWLPDWHG IURP DOO WKH GHSRVLWV LQFOXGLQJ WKH &KLQWDSDOOL 6DSSDUOD

















6WUXFWXUH 5HOLFW IROLDWLRQ DQG MRLQWV SURQRXQFHG
IUDFWXUHFOHDYDJHVRIPLQHUDOV
5HOLFW IROLDWLRQ DQG MRLQWV DUH IHHEOH DQG
RFFDVLRQDO
&RORU 3LQNFUHDP\HOORZEURZQDQGUHGGLVKEURZQ 5HODWLYHO\GXOOORRNLQJDQGGDUNUHG
+DUGQHVV 0HGLXP KDUG DQG VRIW RZLQJ WR QXPHURXV
SODQHV RI ZHDNQHVV SRURXV DQG VSRQJ\ WRS
VHFWLRQVYHUPLFXODUDQGYHVLFXODULQSODFHV
9HU\ KDUG DQG KDUG RZLQJ WR PDVVLYH













%DX[LWH JHQHUDOO\ FRQWDLQ VPDOO DGPL[WXUHV RI R[LGHV RI FDOFLXP PDJQHVLXP SKRVSKRURXV
PDQJDQHVH HWF DOXPLQDPLQHUDOV DOXPLQLXPR[LGH SUHVHQW LQ WKH EDX[LWHPD\ KDYH WULK\GUDWHG RU
PRQRK\GUDWHGPROHFXOHV&RQVHTXHQWO\WKHZDWHUFRQWHQWRIEDX[LWHYDULHVIURP
D ,QPRQRK\GUDWHGEDX[LWHVWKHDOXPLQDPLQHUDOVDUHGLDVSRUHDQGERHKPLWH
E 'LDVSRUH LV YHU\ GHQVH VSHFLILF JUDYLW\  DQG KDUG LW ZLOO VFUDWFK JODVV ,Q URFNV
FU\VWDOVUKRPELFXVXDOO\UHSUHVHQWLWZKLFKDUHVRVPDOOWKDWDUHLQYLVLEOHWRWKHQDNHGH\H
%RHKPLWHGLIIHUV IURPGLDVSRUH LQ WKDW LWKDV D ORZHU VSHFLILFJUDYLW\ DQGRFFXUV LQ WKH IRUPRI














%DX[LWH SLVROLWHV DUH VSKHULFDO DQG HOOLSWLFDO IRUPDWLRQV JHQHUDOO\ RI XUDQLXP FRPSRVLWLRQ DQG
FRORXU YDU\LQJ LQ VL]H IURP D IUDFWLRQRI DPLOOLPHWUH WR PLOOLPHWUHV 3LVRORWHV GR QRW KDYH D
FRQFHQWULF VWUXFWXUH DQG DUH RQO\ VRPHWLPHV HQFORVHG LQ D VKHOO2Q WKHRWKHU KDQG WKH VWUXFWXUH RI
RROLWHVZKLFKDUHDOVRVSKHULFDOIRUPDWLRQVLVFRQFRLGDORUFRQFHQWULF
3LVROLWHVRURRORWHVDUHVFDWWHUHGPRUHRU OHVVGHQVHO\ WKURXJK WKHKRPRJHQHRXVQRQFU\VWDOOLQH




)URP WKH YLHZSRLQW RI VWUXFWXUH DQG RXWZDUG FKDUDFWHULVWLFV WKH IROORZLQJ YDULHWLHV PD\ EH
LGHQWLILHGDPRQJPRQRK\GUDWHEDX[LWHV
D %URZQUHGRUFKHUU\ UHGRFFDVLRQDOO\EULFNUHGEDX[LWHVZKLFKVWURQJO\VRLO WKH ILQJHUVKDYHD
ILQH SLVROLWLF VWUXFWXUH DQG KLJK VSHFLILF JUDYLW\:LWK UHJDUG WRPLQHUDO FRPSRVLWLRQ WKH\ DUH
GLDVSRUDEDX[LWHV




LQWHUPHGLDWHEHWZHHQWKHILUVW WZR$OXPLQDRUWREHPRUHVSHFLILF LWVK\GUDWH LVSUHVHQW LQ WKH
IRUPRIERWKGLDVSRUDDQG%RHKPLWH
G 7KHIROORZLQJWZRW\SHVDUHUHFRJQL]HGDPRQJEDX[LWHVJUH\DQGJUHHQJUH\
x 'DUN JUH\ RFFDVLRQDOO\ DOPRVW EODFN EDX[LWHV ZLWK DQ LQGLVWLQFW ILQHSLVROLWLF VWUXFWXUH
FRQWDLQLQJDOXPLQDLQWKHIRUPRIGLDVSRUDDQG/HSWRFKORULWHV





7KH IROORZLQJ WKUHH SULQFLSDO YDULHWLHV DUH UHFRJQL]HG DPRQJ WULK\GUDWHG EDX[LWHV ZKLFK VWULNLQJO\
GLIIHULQRXWZDUGDSSHDUDQFHIURPPRQRK\GUDWHV











FORVHO\ H[DPLQHGEHFDXVH WKH\DUHRIWHQ DVVRFLDWHGZLWK VWRQ\DQGFOD\H\EDX[LWHVZKRVH HFRQRPLF
LPSRUWDQFHLVH[FHHGLQJO\JUHDW
$ORQJZLWKPRQRK\GUDWHDQGWULK\GUDWHEDX[LWHVWKHUHDUHYDULWLHVLQZKLFKDOXPLQDLVSUHVHQWLQ
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+\GUR[LGHVRIDOXPLQLXPDQGLURQWKHPDWHULDOVZKLFKJLYHULVHWREDX[LWHRUHVDFFXPXODWHGDVD




FRYHUHG ZLWK OX[XULRXV YHJHWDWLRQ 7KH DEXQGDQFH RI ZDWHU VDWXUDWLQJ WKH URFNV LQ WKH ZLQWHU DQG
HYDSRUDWLQJLQWKHGU\VXPPHUWKHODUJHTXDQWLW\RIFDUERQGLR[LGHLQWKHDWPRVSKHUHDQGWKHZDWHU
WKHRUJDQLFDFLGVSURGXFHGE\WKHGHFD\RISODQWVLQERJVDQGODVWO\WKHYLJRURXVEDFWHULDOSURFHVVHVLQ
WKHKRWKXPLGFOLPDWH FRPELQHG WRFDXVHFKHPLFDOZHDWKHULQJ LH WKHGHVWUXFWLRQRI URFNVDQG WKH
GLVVROXWLRQ RI WKHLU FRQVWLWXHQW PLQHUDOV $OXPLQD VLOLFDWHV DUH WKH VRXUFH RI DOXPLQD LQ PDJPDWLF
URFNVZKLFK VXFFXPE WRZHDWKHULQJ ,Q WKH JUHDWPDMRULW\ FDVHV DVZHDWKHULQJ WKH\ DUH VWULSSHG RI
VRGLXP FDOFLXP SRWDVVLXP PDJQHVLXP DQG LURQ GLVVROYHV DOXPLQRVLOLFDWHV D VWURQJ ERQG LV
HVWDEOLVKHGEHWZHHQDOXPLQLXPDQGVLOLFDWRIRUPNDROLQLWH7KLVSURFHVVLVFDOOHGNDROLQLVDWLRQJLYHV
ULVHWRNDROLQFOD\V,WKDVEHHQGHPRQVWUDWHGH[SHULPHQWDOO\WKDWPLQHUDOVFRQWDLQIUHHDOXPLQDZKLFK
LV QRW DVVRFLDWHGZLWK VLOLFD7KH VHSDUDWLRQRI DOXPLQD IURP VLOLFDZKLFK LV D QHFHVVDU\ VWHS LQ WKH
IRUPDWLRQRIEDX[LWHRUHVFRXOGRQO\RFFXULQQDWXUHLIWKHVROXWLRQVZKLFKDWWDFNHGWKHURFNFRQWDLQHG
DVWURQJDFLGWKDWFDXVHGWKHVLOLFDWRFRDJXODWHDQGSUHFLSLWDWHUDSLGO\DQGDWWKHVDPHWLPHGLVVROYHG
WKH DOXPLQD6XOSKXULF DFLG WKHXVXDOSURGXFWRI WKH R[LGDWLRQRI VXOSKXU S\ULWH DQGRWKHU VXOSKLGHV
QDWXUDOO\ SOD\HG WKH GHFLVLYH UROH LQ WKH OLEHUDWLRQ RI DOXPLQD ,W VHHPV WKDW QDVFHQW VXOSKXULF DFLG
GHVWUR\HGWKHVWURQJERQGEHWZHHQWKHDOXPLQLXPDQGWKHVLOLFRQRIWKHDOXPLQDVLOLFDWHVDQGVWULSSHG
WKHPRI DOXPLQD LQ WKH IRUPRI VROXEOH VDOWV'LOXWLRQE\ DWPRVSKHULFZDWHU VKDUSO\GLPLQLVKHG WKH
DFLGLW\RI VXOSKXULF DFLG VROXWLRQV WKXVPDNLQJSRVVLEOH WKHSUHFLSLWDWLRQ DQGGHSRVLWLRQRI DOXPLQD










EHG GHSHQGV RQ WKH FRQWRXUV RI WKH EDVH %DX[LWH EHGV DUH XVXDOO\ FRYHUHG ZLWK D PDVV RI GDUN
FRORUHGOLPHVWRQHVRUFOD\H\VDQG\IRUPDWLRQVVDWXUDWHGZLWKRUJDQLFPDWWHU7KXVEDX[LWHGHSRVLWVRI
D PDULQH RULJLQ DUH XVXDOO\ VDQGZLFKHG EHWZHHQ WZR VHULHV RI OLPHVWRQHV %DX[LWH GHSRVLWV RI D
FRQWLQHQWDO RULJLQ IRUPHG LQ ODNHV DQG ERJV DUH DVVRFLDWHG ZLWK PRWWOHG FOD\H\ URFNV ZKLFK RIWHQ
RYHUOLHWKHURFNVRIWKHFUXVWRIZHDWKHULQJLHURFNVDOWHUHGRQWKHVXUIDFHRIWKHHDUWKE\WKHDFWLRQ
RI WKH DWPRVSKHUH FLUFXODWLQJ YDGRVH ZDWHU DQG E\ WKH YLWDO DFWLYLW\ RI SODQWV DQG DQLPDOV 7KHVH
ZHDWKHULQJ SURGXFWV DUH XVXDOO\ YDULFRORXUHG YDULRXV VKDGHV RI UHG \HOORZ YLROHW DQG RWKHU WLQWV










(DUO\ &DUERQLIHURXV DJH RFFXUV RQ EDVDOWV DQG DOVR -XUDVVLF WR &UHWDFHRXV )UHTXHQWO\ OLQNV RI
ZHDWKHUHGSODWHDXDQGIRUHODQGFRYHUHGZLWKUHGHSRVLWZHDWKHULQJSURGXFWVDUHGLVUXSWVWKURXJKGHHS
HURVLRQ 7KHUHIRUH FRPSOHWH UHFRQVWUXFWLRQ RI DUHDV RI GHQXGDWLRQ DQG GLVWULEXWLRQ LV QRW DOZD\V
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UHFHQW YROFDQLF WXII ([WHQVLYH UHVHDUFK LV XQGHUWDNHQ RQ WKH VR FDOOHG ³DQGVROV´ +RZHYHU RXU
NQRZOHGJH FRQFHUQLQJ WKH H[WHQW DQG VSHHG RI WUDQVIRUPDWLRQ LV VWLOO LQFRPSOHWH ,QVSLWH RI WKH
FRQWLQXRXVPRYHPHQWRI)H$ODQG6LWRGDWHDOOREVHUYDWLRQVIURP7HUWLDU\/DWHULWHEDX[LWHLQGLFDWH
QRWIXUWKHUGHYHORSPHQWEXWGHVWUXFWLRQRI/DWHULWHSURILOHV0RYHPHQWVRIWKHHDUWK¶VFUXVWUHVXOWHGLQ







4.1. Alumina industry 
$PRQJDOOWKHQRQIHUURXVPHWDOVDOXPLQLXPLVWKHPHWDORIWKHPRGHUQDJHZKLFKLVDQHVVHQWLDO
SUHUHTXLVLWHIRUDFRXQWU\¶VSURJUHVVDQGLQGXVWULDOJURZWK:KLOHLWUHTXLVLWHIRUDFRXQWU\¶VSURJUHVV
DQG LQGXVWULDO JURZWK :KLOH LW UDQNV RQO\ QH[W WR VWHHO LQ SURGXFWLRQ LQ WKH ZRUOG LW H[FHHGV WKH
FRPELQHG RXWSXW RI WKH WKUHH QRQIHUURXV PHWDOV ± FRSSHU OHDG DQG ]LQF $OXPLQLXP ZDV ILUVW
GLVFRYHUHGRQO\LQ$'DQGKHQFHLVRQHRIWKH\RXQJHVWPHWDOVRIWKHZRUOG'XULQJ
WKHXVHRIDOXPLQLXPZDVRQO\FRQILQHGWRIDQF\DQGOX[XU\DUWLFOHV7KHILUVWFRPPHUFLDOH[SORLWDWLRQ
DQG WHFKQLFDODSSOLFDWLRQ WRRNSODFHGXULQJ$ WHFKQLFDO UHYROXWLRQZDVDFKLHYHG LQ
ZKHQVWUHQJWKGXUDOXPLQDOOR\VFRXOGEHSURGXFHGE\D*HUPDQPHWDOOXUJLVWDVDUHVXOWRIGLVFRYHU\RI




7KH ODWHVW SKDVH VWDUWHG DIWHU  ZKHQ WKLV PHWDO ZDV H[WHQVLYHO\ XVHG LQ WUDQVSRUW EXLOGLQJ
DUFKLWHFWXUDO DQG VWUXFWXUDO HQJLQHHULQJ ILHOGV ,Q ,QGLD WKLV LQGXVWU\ LV KDUGO\ WZR GHFDGHV ROG DV LQ
WKHDOXPLQLXPSODQWZDVVWDUWHGDW$VDQVROE\WKH$&,7KLVYHUVDWLOHPHWDOLVEHLQJXVHGIURP
VSRRQV WR VDWHOOLWHV EHFDXVH RI LWV OLJKWQHVV FKHDSQHVV JRRG DOOR\ SURSHUWLHV KLJK WKHUPDO
FRQGXFWLYLW\ UHVLVWDQFH WR FRUURVLRQ H[FHOOHQW UHIOHFWLYLW\ DQG JRRG ZRUNDELOLW\ %HFDXVH RI WKH
OLJKWQHVVLWKDVDVSHFLDOYDOXHIRUWKHWUDQVSRUWLQGXVWU\OLNHDLUFUDIWUDLOZD\VDQGDXWRPRELOHV)RULWV
UHVLVWDQFH WR FRUURVLRQ DQG VWUHQJWKZKHQ DOOR\HGZLWK RWKHUPHWDOV LW LV EHLQJ LQFUHDVLQJO\ XVHG LQ
FRQVWUXFWLRQLQGXVWULHVOLNHEXLOGLQJEULGJHVURRIVDQGPRUHVRLQSUHIDEULFDWHGVWUXFWXUHV$OXPLQLXP
IRLOVIRUZUDSSLQJDQGSDFNLQJPDWHULDO IRU WKHFLJDUHWWHFKRFRODWHHWFDUHZLQQLQJPRUHDQGPRUH




7KXV DSDUW IURP EXLOGLQJ FRQVWUXFWLRQ FDQQLQJ DQG SDFNLQJ IRRG DQG IDUPLQJ LQGXVWULHV







 \HDUV 7KLV LQGXVWU\ KDV D EULJKW IXWXUH LQ ,QGLD DV WKHUH DUH H[WHQVLYH RFFXUUHQFHV RI EDX[LWH
GHSRVLWV DQG UHODWLYH DEVHQFH RI RWKHU QRQIHUURXV PHWDOV OLNH FRSSHU OHDG DQG ]LQF $OXPLQLXP¶V
SRWHQWLDOLWLHV IRU VXEVWLWXWLQJ FRSSHU LQ HOHFWULFDO JUDGH LQGXVWULHV VWDELOL]DWLRQ LQ SULFHV RYHU D
UHODWLYHO\ ORQJ SHULRG LQFUHDVLQJ WHPSR RI LQGXVWULDOL]DWLRQ DV D UHVXOW RI WKH LPSOHPHQWDWLRQ RI WKH
)LYH<HDUV 3ODQ DUH DOVR LPSRUWDQW IDFWRUV LQ IDYRU RI DOXPLQLXP LQGXVWU\ 5HTXLUHPHQWV IRU
GLVWULEXWLQJHOHFWULFSRZHUODUJHWUDFWVLQUXUDO,QGLDZLOODOVRHQWDLOEXLOGXVHRIDOXPLQLXPLQIXWXUHIRU
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 /RFDWLRQDOIDFWRU
7KHORFDWLRQDOIDFWRUVDUHSULPDULO\GHWHUPLQHGDVSHUWKHGHJUHHRILPSRUWDQFHRIWKUHHSULQFLSDO




D 5DZPDWHULDO%DX[LWH   «WRWRQHV
E &DOFLQHGSHWUROHXPFRNHIRUHOHFWURGHSDVWH «WRQHV
F &U\ROLWH     «WRQHV
G $OXPLQLXP     «WRQHV
H &DXVWLFVRGD     «WRQHV







WKH DOXPLQLXP SODQWV DUH SRZHU RULHQWHG LQ ,QGLD ZKLFK LV LQ QR ZD\ H[FHSWLRQ WR WKH FRQGLWLRQV
SUHYDOHQW LQ WKH ZRUOG DV D ZKROH 7KH VRXUFHV RI SRZHU PXVW QHFHVVDULO\ EH FKHDS DQG DGHTXDWH
WKURXJK WKH IDFWRUZKLFK LVRQO\FRPELQHGZLWKK\GHOSODQWV UDWKHU WKDQ WKH WKHUPDOSRZHU VWDWLRQV




SURGXFWLRQ LV DFFRXQWHG E\ SRZHU $W DQ HVWLPDWHG UDWH RI  N:K SHU  WRQQHV RI
DOXPLQLXPSURGXFWLRQWRDFKLHYHWDUJHWRIPWRQVRIDOXPLQLXPE\DERXWPN:RI
SRZHUZRXOGEHUHTXLUHG3RZHUJHQHUDWLRQXQLWVORFDWHGLQSUR[LPLW\WREDX[LWHRFFXUUHQFHPD\EH
UHJDUGHGDV WKHRSWLPXPVLWH IRU DOXPLQLXPSODQWV$OXPLQLXPPDQXIDFWXUH FRQVLVWVRI WZRSKDVHV
LHPDQXIDFWXUHRIDOXPLQDIURPEDX[LWH$O2DQGWKHDOXPLQDLVWREHUHILQHGDQGIDEULFDWHG7KH
ORFDWLRQRIWKHVPHOWHUVLVEHLQJFRQWUROOHGE\WKHORFDWLRQRIWKHRUHGHSRVLWVDQGWKHSRZHUVLWHV7KH
RUHPRYHV WR SRZHU LI WKH\ DUHZLGH DSDUW DV WKLV LQGXVWU\ LV YHU\ SRZHU LQWHQVLYH DQG WKH FRVW RI
WUDQVSRUWDWLRQ GHWHUPLQH WKH H[DFW VLWH )URP WKH DOXPLQD E\ HOHFWURO\VLV SURFHVV DOXPLQLXP LV
PDQXIDFWXUHG E\ WKH DSSOLFDWLRQ RI &U\ROLWH ,QGLD LV EHLQJ XVHG WR LPSRUW HQWLUHO\ IURP
6:*UHHQODQG $W SUHVHQW V\QWKHWLF &U\ROLWH LV EHLQJ XVHG DV D VXEVWLWXWH ZKLFK LV SUHSDUHG IURP
IOXRUVSDU$OXPLQDLVDOLJKWPHWDODQGFDQVWDQGORQJKDXODJH+HQFHWKHVRXUFHRISRZHUKDVEHFRPH






UHVHUYHV RI EDX[LWH RI JUDGH $O2 $ WRWDO UHVRXUFH RI  PLOOLRQ WRQQHV RI SRWHQWLDO
UHVHUYHV RI EDX[LWH KDYH EHHQ HVWLPDWHG IURP DOO WKH GHSRVLWV LQFOXGLQJ WKH &KLQWDSDOOL 6DSSDUOD
*XGHP-HUUDOH  PLOOLRQ WRQQHV GHSRVLWV RI 9LVDNKDSDWQDP DQG *XUWHGX .DWDPUDMXNRQGD
'XPNRQGDPLOOLRQWRQQHVGHSRVLWVRI(DVW*RGDYDULGLVWULFW
7KHKLJKVLOLFDFRQWHQWRIFOD\H\EDX[LWHVPDNHVWKHPHFRQRPLFDOO\XQLPSRUWDQWEXWWKH\VKRXOGEH
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